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AN ANALYSIS REGARDING THE DECREASING OF THE 
IMAGE QUALITY WITH THE OPTICAL MISALIGNMENT 


CATALIN SPULBER’, OCTAVIA BORCAN” 


Rezumat. Performantele de informatie vizuala achizitionate de o camera termala sunt 
determinate de doi parametri distincti, NETD (Noise equivalent temperature difference) 
si MTF (Modulation Transfer Function); valoarea fiecaruia dintre acesti parametri este 
dependenta de caracteristicile si de metodologia de masurare a componentelor de baza 
ale unei camere termale: obiectivul si matricea de detectie. Autorii analizeaza unele 
probleme legate de masurarea NETD si a MTF in cazul in care variaza distanta focala a 
obiectivului si apare o dezaliniere optica la montajul camerei termale. Experimentele 
realizate demonstreaza ca o distanta focala mai mare asigura un MTF mai bun, iar 
evaluarea NETD cu instrumentar electronic este mai adecvata. 


Abstract. The performances of visual information acquired with a thermal camera are 
determined by two distinct parameters, NETD (Noise equivalent temperature difference) 
and MTF (Modulation Transfer Function) values of each of these parameters is 
dependent on the characteristics and the methodology for measuring the basic 
components of thermal camera: the lens and the starring detector. The authors analyze 
some problems related to measurement NETD and MTF where the focal lens is variable 
and optical misalignment occurs when mounting thermal camera. Experiments 
demonstrate that a longer focal distance provides a better MTF and NETD evaluation 
with electronic instruments is most appropriate. 
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1. Introduction 


It is known that, in the field of actual research of vision using thermal cameras, 
the most frequent question refers to the performance of the distance observation, 
as is shown in the paper [1, 2]. 


This performance is described by some main parameters, as Noise Equivalent 
Temperature Difference (NETD), Modulation Transfer Function (MTF), and 
Minimum Resolvable Temperature Difference (MRTD) [3].A thermal camera is 
commonly composed of an optical assembly, a FPA detector module (starring 
detector), and signal processing electronics. 


The imaging process can be described as a functional flow diagram (fig. 1.) from 
scene (input information) to observer (output information). 
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Fig. 1. The flow information between thermal camera components. 


Observer 


The lens gathers the scene radiance onto the detector array (FPA). The detector 
module converts the radiation (photons) into an electrical signal, which enters a signal 
processing unit. As it already was mentioned by authors in a previous article [2], the 
environment (the atmosphere with aerosols or thermal perturbations) and the main 
components of camera can deteriorates the final image. 


An object is visible in an image because it has a different brightness than its 
surroundings (target contrast). The input to any thermal camera system is photon 
number N from the scene. The contrast of the object (i.e., the signal) must overcome 
the image noise. Noise increases with the signal level results when the image has 
been represented by a small number of individual particles. The signal-noise ratio 
(SNR) is defined as the contrast divided by the standard deviation of the noise [4]. 
The mathematics governing these variations is called counting statistics or Poisson 
statistics. That is, if there are N particles in each pixel on display, the mean is equal to 


N and the standard deviation is equal toVN . This makes the signal-to-noise ratio 
equal toV/N . Detection is a noisy process. The noise V is composed of shot noise, 


spatial noise, and excess noise. There are additional noise sources, including readout 
amplifier noise and digital quantization noise. This is modelled as follows [4]: 


V = Viead + Vnoise (1) 


The noise equivalent temperature difference (NETD) is a widely used performance 
parameter that characterizes the sensitivity of thermal imaging sensors. 


The Modulation Transfer Function (MTF) is a quantitative measure of thermal 
camera capability to transfer contrasts from the object plan in the image plan 
depending on the aims of the lens and detector details. MTF is used to approximate 
the position of best focus. 


2. The problematic 


Two problems are import ants if there is misalignment between the optical lens 
and FPA: 


a) Although NETD has been used for many years, there has always been some 
confusion and misunderstanding about how to measure it. Differences in opinion 
on how this measurement should be made can cause substantial variations in 
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reported values of NETD measurements [5]; for example, subjective digital noise 
introduced by the display. The NETD will then calculated from the experimental 
data as follows [6,7]: 
NETD=-S1 (2) 
S/N 


where AT =T arg et — Thackground » and the SNR is the signal-to-noise ratio of the 
thermal camera. 


b) The projection of the scene on the FPA detector is not perfect; since the 
optical elements create blur [8]. For a quantitative analysis it used a test thermal 
pattern as in figure 2., and the relation [3]: 


MTF = MT optics ~MTFrpa ° MT Faisplay MT Rye (3) 
Object plan Image plan 
_— {——~ 
a a Gea 
ee = 
i oe ees 
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Fig. 2. Thermal pattern used in the thermal camera performance analysis. 


The MTF value varies with the lens focal length and their aperture or F number 
(F#). The calculus of MTF values is based on the followings relations: 


= sin us? (4) 
| wf f cutoff 
f cutoff 
where the spatial frequency f [cycles/mm], the cut-off frequency Cutorr [cycles/mm], 


the horizontal and vertical size of detector (dH and dV, respectively) is exprimed as: 


(Poe sf 5 
dasH mrad” “°f-V ~ GasV mrad 


f cutoff -H = 


dasH = CB eddeaaey = OV rind 
fob fob 
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M TRiisplay Gy)= 


sinc [x FFy “ects, (5) where FFy and FFy —fill factors for 


detector on the horizontal, respectively vertical direction. 


MTF optics and MTF rp, have the configuration in figure 3. 
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Fig. 3. MTF Diagram for the MTF realized with the Maviis 1.5 software (JCD Publishing). 
mV, -V. 
where MTF = Diy.) (6) 
(V tV,)-4 


On the other hand, it is known that [3, 9]: 


1/2 
NETD [=| gl? 


i |S 
Af Tq 
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(7) 
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K,NETD 


MTF, 


or [7]: MRTD, = (8) 
where: Afr -electronic frequency bandwidth, a- the field of view of the FPA 
starring, f-the spatial frequency of the target being observed, tg [s]— response time 
of the detector, t- the integration time of the observer eye, tfame - the frame time. 
So, it can write: 

NETD- Va const> 1 


Qa 
MTRf) =const; -———_——_ ; NETD= ;a= 9 
SRS MERTDE fain 


For comparison of two MRTD as the same spatial frequency, in which one of the 
thermal camera has a certain optical misalignment, it can by written as: 


MRTD£) _ MTFyis(f) | NETD 
MRTDyis(f) = MTRE) = NETD pis 


(10) 


3. Experiments and results 


For the experimental determination a thermal camera with the following technical 
characteristics was used: the working spectral range 8+12 um, detection matrix 
with micro-bolometers and resolution of 640 x 480 detection items, the size of the 
detection item being 0.17 um, the focal distance for the objective being of 45 and 
135 mm and f number (F#) between f/1.1 (for 45 mm lens focal) and f/1.6 (for 
135 mm lens focal). In laboratory conditions, in order to determine the MRTD 
function thermal patterns with 4 cycles/target, the ambient temperature was 
24.7°C, and the black body temperature was 29.7°C (fig.4-6). 


f 


Fig. 4. Example of image Fig. 5. Example of image Fig. 6. Example of image 
acquired with thermal contrast acquired with thermal contrast acquired with thermal contrast 
AT = 10°C AT=5 °C AT=2 °C 


The procedure used to evaluate NETD was based on standard ASTM E 1543-00 [6]. 


The results are presented in figures 7-19. 
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Fig. 7. Visual images signal and noise on the oscilloscope. 
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Fig. 8. Variation of the NETD excluding subjective (digital) noise. 


Fig. 9. Original Image for measurement MTF (aligned focal lens 135 mm) with DT 1500 
tester thermal camera and related software from Inframet. 
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Fig. 10. The diagram MTF vs. spatial frequency. The loss of image quality in different cases of a 
lens misalignment with 45 mm focal length. 
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Fig. 11. The diagram contrast vs. off-axis distance. 
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The loss of image contrast with off-axis distance of a 45 mm focal length. 
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Fig. 12. The diagram MTF vs. spatial frequency. Comparison between MTF diagrams for lenses 
with 45 mm and 135 mm focal lengths, with well alignment done. One can see, for example, that 
for a same resolution of 0,5 Ip/mm, a 3.3 times improvement of contrast using a lens with a focal 
length 3 times greater, can be obtained. 
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Fig. 13. MTF aligned focal lens 45 mm. 
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Fig. 14. MTF aligned focal lens 135 mm. 
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Fig. 18. MTF with misaligned Fig. 19. MTF with misaligned 
5 mm focal lens 135 mm. 5 mm focal lens 45 mm. 


4. Conclusions 


A better MTF and NETD evaluation with electronic instruments is most 
appropriate; 


A significant decrease in MTF is obtained at low level variations of optical 
misalignement; 


4.3 The MTF decreases with decreasing lens focal. 


92 Catalin Spulber, Octavia Borcan 


REFERENCES 


[1] Owen, A.: "Surveillance cameras steal away the night”, in Laser Focus World, 33, 111-115 (1997). 


[2] Borcan, Octavia, Spulber, C: ”Experimental method for observation prediction based on the 
decision matrix, through day/night equipments in NIR and LWIR spectral ranges, in Infrared Imaging 
Systems: Design, Analysis, Modelling, and Testing XX, edited by Gerald C. Holst, Proceedings of 
SPIE Vol. 7300 (SPIE, Bellingham, WA 2009) 730011. 


[3] Holst, Gerald C. Infrared Imaging Systems: Design, Analysis, Modelling, and Testing IX. 


[4] Saar Bobrov* and Yoav Y. Schechner: “Image-based prediction of imaging and vision 
performance”, in J. Opt. Soc. Am. A/Vol. 24, No. 7/July 2007. 


[5] Ronald G. Driggers, Curtis M. Webb, Stanley J. Pruchnic, Carl E. Halford and Ellis E. Burroughs, 
"Laboratory measurement of sampled infrared imaging system performance", in Opt. Eng. 38, 852 
(1999). 

[6] *** ASTM E 1543 — 00: Standard Test Method for Noise Equivalent Temperature Difference of 
Thermal Imaging Systems. 


[7] Arnold Daniels: ’Field Guide to Infrared Systems Field Guide to Infrared Systems, Detectors, and 
FPAs, Second Edition”, SPIE Press Book, Bellingham, 2010, ISBN: 9780819480804. 


[8] Steven W.Smith: The Scientist and Engineer's Guide to Digital Signal Processing, 1997, ISBN 
978-0966017632. 


[9] Alan Irwin, Robert L. Nicklin:’Standard software for automated testing of infrared imagers, 
IRWindows, in practical applications”, in Proceedings of SPIE, SPIE 3377, 206 (1998). 


[10] Paul A. Bell, Carl W. Hoover, Jr., Stanley J. Pruchnic, Jr., “Standard NETD test procedure for 
FLIR systems with video outputs”, Proc. SPIE 1969, 194 (1993]. 


[11] Spulber, C, Borcan, Octavia: “Some Aspects Regarding the Image Acquisition using Video 
Systems under Low Vibrations”, in Annals of the Academy of Romanian Scientists Series on Science 
and Technology of Information 6, Vol. 2, 87-98, Number 1/2009, ISSN 2066-2742. 


